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Abstract
The dierential cross-sections for e
+
e
 
! e
+
e
 
, e
+
e
 
! 
+

 
and e
+
e
 
! 
+

 
,
and the total cross-section for e
+
e
 
! qq at centre-of-mass energies of 130-140 GeV were
studied using about 5 pb
 1
of data collected with the OPAL detector at LEP in October
and November 1995. The results are in agreement with the Standard Model predictions.
Four-fermion contact interaction models were tted to the data and lower limits were
obtained on the energy scale  at the 95 % condence level.
(Submitted to Physics Letters B)
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1 Introduction
The measurements at LEP at 130-140 GeV have provided the rst e
+
e
 
collision data at energies
well above the Z
0
resonance. The cross-sections and angular distributions for e
+
e
 
! qq and
e
+
e
 
! `
+
`
 
(` = e; ;  ) have been observed by OPAL to be in good agreement with Standard
Model expectations [1]. It is interesting to see what constraints are set by these data on possible
contributions from new physics.
Here we study the four-fermion contact interaction [2]. The basic idea is that the Standard
Model is a part of a more general theory characterised by an energy scale  and the consequences
of the theory are observed at energies well below  as a deviation from the Standard Model
which can be described by an eective contact interaction. In the context of composite models of
leptons and quarks, the contact interaction is regarded as a remnant of the binding force between
the substructure of fermions. If electrons are composite such an eect would appear in Bhabha
scattering (e
+
e
 
! e
+
e
 
). If the other leptons and quarks share the same type of substructure,
the contact interaction would exist also in the processes e
+
e
 
! 
+

 
; 
+

 
and e
+
e
 
! qq.
More generally, the contact interaction is considered to be a convenient parametrisation to
describe a possible deviation from the Standard Model, which may be caused by some new
physics.
Analyses of such contact interactions have been performed at lower energy experiments for
the processes e
+
e
 
! `
+
`
 
[3{10] and e
+
e
 
! qq [5, 11]. It is expected that the sensitivity of
the measurements to the contact interaction will increase with centre-of-mass energy (
p
s) due
to the decrease of the Standard Model cross-section as 1=s, while some contributions of the
contact interaction stay constant or even increase in proportion to s [12]. Here we present a
contact interaction analysis of the e
+
e
 
! e
+
e
 
, e
+
e
 
! 
+

 
, e
+
e
 
! 
+

 
and e
+
e
 
! qq
channels using OPAL data at centre-of-mass energies of 130-140 GeV. The cross-sections are
compared with expectations of contact interaction models in order to set lower limits on the
energy scale .
2 Four-fermion contact interaction
In the contact interaction approach, the Standard Model contribution remains unchanged,
but an eective new interaction is added to it. Following the notation in [13], the eective
Lagrangian for the four-fermion contact interaction in the process e
+
e
 
! f

f is dened by :
L
contact
=
g
2
(1 + )
2
X
i;j=L;R

ij
[e
i


e
i
][

f
j


f
j
] (1)
with
 =
(
1 f = e
0 f 6= e
:
Here e
L
and e
R
(f
L
and f
R
) are chirality projections of electron (fermion) spinors. The unknown
coecients 
ij
determine the type of chiral coupling of the four fermions, L and R denote left-
and right-handed currents, respectively, and  is the energy scale of the contact interaction.
4
By convention, the unknown coupling constant g is set to g
2
=4 = 1 and j
ij
j  1. For the
process e
+
e
 
! e
+
e
 
, the size of the contact interaction diers from the other channels by a
statistical factor of 1/2. A number of dierent models (choice of 
ij
parameters) are customarily
considered. They are summarised in table 1. The V V and AA denote the vector and axial
vector couplings, respectively. The signs () of the 
ij
indicate positive or negative interference
with the Standard Model amplitude.
In the presence of the contact interaction the dierential cross-section for e
+
e
 
! f

f, as a
function of the polar angle  of the outgoing fermion with respect to the e
 
beam direction,
can be written to lowest order as:
1
F
C
4s

2
d
d cos 
=
h
j
~
A
ee
LR
(t)j
2
+ j
~
A
ee
RL
(t)j
2
i

s
t

2

+
h
jA
ef
LR
(s)j
2
+ jA
ef
RL
(s)j
2
i

t
s

2
+
h
jA
ef
LL
(s)j
2
+ jA
ef
RR
(s)j
2
i

u
s

2
(2)
with t =  
1
2
s(1  cos ) and u =  
1
2
s(1 + cos ). The overall colour factor F
C
is 1 for `
+
`
 
and
3 for qq. The helicity amplitudes are:
~
A
ee
ij
(t) = Q
2
e
+ g
e
i
g
e
j
(t) + 
ij
t

1

2
(i 6= j) (3)
A
ef
ij
(s) = Q
e
Q
f
+ g
e
i
g
f
j
(s) + 
ij
s

1

2
(i 6= j) (4)
A
ef
ij
(s) = Q
e
Q
f
+ g
e
i
g
f
j
[(s) +
s
t
(t)] +
s
t
 + (1 + )
ij
s

1

2
(i = j): (5)
Here  is the electromagnetic coupling constant. The left- and right-handed couplings, g
f
L
and
g
f
R
, of the fermion f to the Z
0
are given by
g
f
L
=
e
sin
W
cos
W
(I
3
 Q
f
sin
2

W
) ; g
f
R
=
e
sin
W
cos
W
( Q
f
sin
2

W
) ;
where e is the electron charge, Q
f
is the electric charge in units of jej of the fermion f, I
3
is
the third component of the weak isospin and 
W
is the electroweak mixing angle. The s- and
t-channel Z
0
propagators are
(s) = s=(s  M
2
Z
+ is 
Z
=M
Z
); (t) = t=(t M
2
Z
):
It should be noted that the LR and RL models give identical results for lepton pair channels
while for the qq nal state the results of the LR and RL models are dierent.
The cross-section formula (2) can be decomposed into three parts
d
d cos 
= SM
0
(s; t) + C
0
2
(s; t)
1

2
+ C
0
4
(s; t)
1

4
: (6)
The rst term denotes the Standard Model cross-section. The second and third terms come from
the contact interaction and represent deviations from the Standard Model expectation. The C
0
2
term comes from the interference of the contact interaction with the Standard Model amplitude
and the C
0
4
term from the square of the contact interaction amplitude. The coecients C
0
2
(s; t)
and C
0
4
(s; t) have dierent dependences on s and t depending on the nal state fermion and
the choice of the contact interaction model.
5
3 Data sample
A feature of e
+
e
 
collision data at centre-of-mass energies well above the Z
0
resonance is a
tendency for radiative return to the Z
0
by emitting initial-state radiation photons which reduces
the eective centre-of-mass energy,
p
s
0
, of the subsequent e
+
e
 
collision to the region of the Z
0
resonance. Here we consider the cross-sections for e
+
e
 
! e
+
e
 
, e
+
e
 
! 
+

 
, e
+
e
 
! 
+

 
and e
+
e
 
! qq at large
p
s
0
so excluding the events from radiative return to the Z
0
. The
selection of such an event sample and the luminosity measurement are described in [1]. For the
e
+
e
 
! 
+

 
; 
+

 
and e
+
e
 
! qq channels s
0
=s > 0:8 was required. An almost equivalent
cut was applied to the e
+
e
 
! e
+
e
 
sample using a cut on the maximum acollinearity angle
at 10

. The integrated luminosity of the data sample is about 5.2 pb
 1
divided among three
centre-of-mass energies of 130.26 GeV (2.7 pb
 1
), 130.23 GeV (2.5 pb
 1
) and 140 GeV (0.05
pb
 1
). The numbers of events used in this analysis were 967 e
+
e
 
! e
+
e
 
, 53 e
+
e
 
! 
+

 
,
19 e
+
e
 
! 
+

 
and 334 e
+
e
 
! qq events
1
. The systematic errors of the event selection are
2.4 % (e
+
e
 
! e
+
e
 
), 2.0 % (e
+
e
 
! 
+

 
), 2.8 % (e
+
e
 
! 
+

 
) and 4.0 % (e
+
e
 
! qq).
The luminosity error was estimated to be 1 %.
The angular distributions of the leptonic channels are expressed in 9 bins over  0:9 <
cos  < 0:9 for e
+
e
 
! e
+
e
 
, and 10 bins over  1:0 < cos  < 1:0 for the e
+
e
 
! 
+

 
and

+

 
channels. The results are summarised in table 2 together with the corresponding values
of the dierential cross-sections. For the e
+
e
 
! qq channel only the total cross-sections given
in [1] were used in this analysis.
4 Calculation of predicted cross-sections
In order to compare the model with the data, the lowest order cross-section (6) must be corrected
for electroweak and QED radiative eects and the expected cross-section calculated taking into
account the experimental cuts. The e
+
e
 
! qq channel must be corrected also for QCD eects.
Dierent approaches were used for the Standard Model part and for the contact interaction
terms.
The Standard Model cross-sections were calculated for each cos  bin and centre-of-mass
energy using ALIBABA [14] for e
+
e
 
! e
+
e
 
, and ZFITTER [15] for e
+
e
 
! 
+

 
; 
+

 
and qq with the cut on the acollinearity angle (e
+
e
 
) or s
0
(
+

 
, 
+

 
and qq) at the same
value as in the data sample. The systematic uncertainty of these predictions is estimated to be
2.5 %, 1.0 % and 2.0 % for the e
+
e
 
! e
+
e
 
, e
+
e
 
! 
+

 
=
+

 
and e
+
e
 
! qq channels,
respectively.
2
The Standard Model parameters were xed at M
Z
= 91:188 GeV, M
top
= 180
GeV and M
Higgs
= 100 GeV. The dependences of the cross-section on these parameters within
their uncertainties are negligible compared to the sensitivity of the present t.
1
The same numbers of 
+

 
and 
+

 
events were used in [1] for the measurement of forward-backward
asymmetry; these are slightly dierent from those used for the cross-section measurement because of additional
requirements to ensure good charge determination.
2
These are conservative estimates based on comparisons of the results using dierent programs. The theo-
retical accuracy of ZFITTER is estimated in [16] to be better than 1% at the LEP 2 energy region.
6
The contact interaction terms C
0
2
and C
0
4
were evaluated using the improved Born approxi-
mation. The value of the eective weak mixing angle sin
2

W
was calculated by ZFITTER. The
running QED coupling constant (s) was used for the s-channel part. The C
0
2
, C
0
4
coecients
were then corrected for the eect of photon radiation according to [17]. Initial-state radiation
was calculated up to order 
2
in the leading log approximation with soft photon exponentiation,
and the order  leading log nal state QED correction was applied.
The cross-section for e
+
e
 
! `
+
`
 
at the centre-of-mass energy point k and cos  bin i is
then expressed as a function of "  1=
2
by

i;k
(") = SM
i;k
+ C
2
(i; k) "+ C
4
(i; k) "
2
(e
+
e
 
! `
+
`
 
) ; (7)
where SM
i;k
is the Standard Model cross-section. The values of the radiatively corrected contact
interaction coecients, C
2
(i; k) and C
4
(i; k), were calculated by integrating over each cos  bin
i at each centre-of-mass energy point k for each of the contact interaction models and nal
state fermions considered. Similarly the total cross-section for e
+
e
 
! qq is dened by

k
(") = SM
k
+
X
u;d;c;s;b
h
C
2
(k) "+ C
4
(k) "
2
i
R
QCD
(e
+
e
 
! qq) ; (8)
where the additional QCD correction factor R
QCD
= 1 + 
s
= + 1:409(
s
=)
2
has been shown
separately for the contact interaction terms. The contact interaction is assumed to be indepen-
dent of the quark avour.
5 Fit results
The predictions of the contact interaction models were tted to the data using a binned maxi-
mum likelihood method. The likelihood function L is dened by:
L = G(r;r)
2
Y
k=1
Nbin
Y
i=1
P(N
data
i;k
; N
pred
i;k
("; r)) : (9)
Here r is a correction to the overall normalisation and G(r;r) is the Gaussian probability
distribution for r with mean 0 and standard deviation r. P is the Poisson probability of
nding N
data
i;k
events of data in the cos  bin i at the centre-of-mass energy point k when
N
pred
i;k
("; r) events are predicted. The number of events predicted is given by
N
pred
i;k
("; r) = (1 + r) [
i;k
(")E
i;k
+B
i;k
]L
k
; (10)
where 
i;k
(") is the cross-section dened above (equations 7, 8), E
i;k
is the correction factor
for the experimental eciency, B
i;k
is the expected background cross-section and L
k
is the
integrated luminosity. The value of r was set to the value of the sum in quadrature of the
luminosity error, the systematic error of the event selection and the theoretical uncertainty on
the cross-section calculation.
The contact interaction models were tted to the data with r and "  1=
2
as tting
parameters. Note that both positive and negative values of " are physically meaningful. As seen
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from equations 2-5, the term C
2
" is linear in 
ij
and C
4
"
2
contains only terms proportional to

2
ij
. The results of positive and negative interference with the Standard Model amplitude (sign
of 
ij
parameters) are equivalent under the transformation "$  ". It is therefore sucient to
t only for the case of positive interference, but to allow " to be both positive and negative.
The results of the ts are tabulated in table 3 for the four individual channels. Fits are also
made for all the leptonic channels combined (e
+
e
 
! `
+
`
 
) and the lepton and qq channels
combined (all combined). As described before, for the lepton pair channels the results of the
LR and RL models are identical and only the LR results are quoted. The tted values and
their one standard deviation errors on " are listed in the second column. Figure 1 shows the
tted " values from the e
+
e
 
, 
+

 
, 
+

 
, `` and `` + qq channels. The error bars in the
plots show the positive and negative one standard deviation errors. No signicant deviation of
the tted " from 0 (Standard Model) was observed. The largest deviations are for the 
+

 
channel by about 2 standard deviations.
Now we check the sensitivity of the present data to the energy scale  of the contact
interaction. For this purpose the sensitivity estimate  is dened in terms of the one sided
95 % condence level upper limit on ":
 = 1=
p
1:64
"
;
where 
"
is the one standard deviation parabolic error on ". This corresponds to the upper
limit on " allowed for the uctuation of the data at the 95 % condence level. The values of 
are listed in the third column of table 3. They are in the range of 1.7 to 5.0 TeV depending on
the model and the nal state fermion.
The 95 % condence level lower limit on the energy scale  is dened by


= 1=
p
"

;
where "
+
and "
 
are the 95 % condence level limits on " for positive (+) and negative ( )
interference, respectively. The limits "

are derived by integrating the probability in the range
" > 0 for the `+' case
Z
"
+
0
L d" = 0:95
Z
1
0
L d"
and " < 0 for the ` ' case
Z
0
"
 
L d" = 0:95
Z
0
 1
L d" :
Here L is the likelihood function given by equation (9). In the integration the overall scale
error r was adjusted at each value of " to maximise the likelihood. It should be noted that the
limits on  dened in this way tend to be conservative if the true value of " is close to zero
[18]. In previous analyses [3{11, 13] the limits were calculated from the positive and negative
one standard deviation errors (

) and the tted value ("
0
) of " by 

= 1=
p
1:64

 "
0
.
However, in that case a problem occurs when "
0
deviates substantially from 0, where  cannot
be dened (unphysical region) and the positive and negative limits tend to be quite asymmetric.
In order to avoid this problem,  was used in [10] when  > .
The results are summarised in the fourth and fth columns of table 3. The limits on 
obtained in this way are generally quite close to the sensitivity estimate , indicating that
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these limits are reasonable. It is seen that the present data are particularly sensitive for the
V V and AA models. When all channels are combined the limits on  are in the range of 3.4-4.9
TeV for the V V and AA models, and 2.0-3.1 TeV for the other models. Note that, as described
in section 2, the coupling constant of the contact interaction is set by convention to g
2
=4 = 1.
What is actually constrained by the data is =g. In gure 2 the measured cross-sections are
compared with the Standard Model predictions and with contact interaction models V V and
AA for 

at the corresponding 95 % condence level lower limits.
The measured total cross-sections for e
+
e
 
! qq are lower by up to two standard devia-
tions than the predictions. Note that the contact interaction cannot produce a large negative
contribution to the total cross-section for e
+
e
 
! qq in this energy region and above. This
is a consequence of the assumption that the contact interaction is universal for all ve quark
avours. The cross-section for an individual quark avour can deviate either positively or
negatively due to interference of the contact interaction with the Standard Model amplitude.
The signs of the interferences are opposite for up and down type quarks, and so largely cancel
each other. Due to the positive contribution from the 1=
4
term the net result turns out to
be insucient to accommodate the data. Under other assumptions, for example that contact
interactions apply only to down (or up) type quarks, both positive and negative deviations may
be produced for the e
+
e
 
! qq cross-section.
6 Conclusion
The dierential cross-sections for e
+
e
 
! e
+
e
 
, e
+
e
 
! 
+

 
, e
+
e
 
! 
+

 
and the total
cross-section for e
+
e
 
! qq at centre-of-mass energies of 130-140 GeV are compared with
predictions of the Standard Model and of the contact interaction models. The measured cross-
sections are in agreement with the Standard Model expectations. The limits obtained by OPAL
on the energy scale  are competitive with, or in some cases stronger than, those using existing
measurements at lower energies [3{11,13].
Acknowledgements
We particularly wish to thank the SL Division for the ecient operation of the LEP accelerator
and for their continuing close cooperation with our experimental group. In addition to the
support sta at our own institutions we are pleased to acknowledge the
Department of Energy, USA,
National Science Foundation, USA,
Particle Physics and Astronomy Research Council, UK,
Natural Sciences and Engineering Research Council, Canada,
Israel Ministry of Science,
Israel Science Foundation, administered by the Israel Academy of Science and Humanities,
Minerva Gesellschaft,
Japanese Ministry of Education, Science and Culture (the Monbusho) and a grant under the
Monbusho International Science Research Program,
9
German Israeli Bi-national Science Foundation (GIF),
Direction des Sciences de la Matiere du Commissariat a l'Energie Atomique, France,
Bundesministerium fur Bildung, Wissenschaft, Forschung und Technologie, Germany,
National Research Council of Canada,
Hungarian Foundation for Scientic Research, OTKA T-016660, and OTKA F-015089.
References
[1] OPAL Collaboration, G. Alexander et al., Phys. Lett. B376 (1996) 232.
[2] E. Eichten, K. Lane and M. Peskin, Phys. Rev. Lett. 50 (1983) 811.
[3] HRS Collaboration, M. Derrick et al., Phys. Rev. D34 (1986) 3286.
[4] MAC Collaboration, E. Fernandez et al., Phys. Rev. D35 (1987) 10.
[5] CELLO Collaboration, H. J. Behrend et al., Z. Phys. C51 (1991) 149; H. J. Behrend
et al., Phys. Lett. B191 (1987) 209; H. J. Behrend et al., Phys. Lett. B222 (1989) 163;
H. J. Behrend et al., Z. Phys. C51 (1991) 143.
[6] JADE Collaboration, W. Bartel et al., Z. Phys. C30 (1986) 371.
[7] PLUTO Collaboration, Ch. Berger et al., Z. Phys. C27 (1985) 341.
[8] TASSO Collaboration, W. Braunschweig et al., Z. Phys. C37 (1988) 171; W. Braunschweig
et al., Z. Phys. C40 (1988) 163; W. Braunschweig et al., Z. Phys. C43 (1989) 549.
[9] VENUS Collaboration, K. Abe et al., Z. Phys. C48 (1990) 13.
[10] ALEPH Collaboration, Z. Phys C59 (1993) 215.
[11] VENUS Collaboration, K. Abe et al., Phys. Lett. 232B (1989) 425;
TOPAZ Collaboration, I. Adachi et al., Phys. Lett. 255B (1991) 613.
[12] B. Schrempp, F. Schrempp, N. Wermes and D. Zeppenfeld, Nucl. Phys. B296 (1988) 1.
[13] H. Kroha, Phys. Rev. D46 (1992) 58.
[14] W. Beenakker et al., Nucl. Phys. B349 (1991) 323.
[15] D. Bardin et al., CERN-TH 6443/92 (May 1992); Phys. Lett. B255 (1991) 290; Nucl. Phys.
B351 (1991) 1; Z. Phys. C44 (1090) 493.
[16] Physics at LEP2, Editors G. Altarelli, T. Sjostrand and F. Zwirner, CERN 96-01 (February
1996).
[17] Model independent e
+
e
 
! e
+
e
 
lineshape program MIBA,
M. Martinez and R. Miquel, Z. Phys. C53 (1992) 115.
[18] Particle Data Group, L. Montanet et al., `Statistics' in Review of Particle Properties, Phys.
Rev. B50 (1994) 1280.
10
Model 
LL

RR

LR

RL
LL

1 0 0 0
RR

0 1 0 0
V V

1 1 1 1
AA

1 1 1 1
LR

0 0 1 0
RL

0 0 0 1
Table 1: Dierent models of the four-fermion contact interaction.
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e+
e
 
130.26 GeV (2.7 pb
 1
) 136.23 GeV (2.5 pb
 1
)
cos  N
ee
d=d cos  (pb) N
ee
d=d cos  (pb)
 0:9 :  0:7 2 43 3 64
 0:7 :  0:5 3 63 3 64
 0:5 :  0:3 2 43 3 64
 0:3 :  0:1 3 63 3 64
 0:1 : 0:1 7 135 5 105
0:1 : 0:3 10 196 8 166
0:3 : 0:5 27 5210 12 247
0:5 : 0:7 59 11315 61 12316
0:7 : 0:9 408 81741 348 73539

+

 
130.26 GeV (2.7 pb
 1
) 136.23 GeV (2.5 pb
 1
)
cos  N

d=d cos  (pb) N

d=d cos  (pb)
 1:0 :  0:8 0 0 0 0
 0:8 :  0:6 2 43 0 0
 0:6 :  0:4 1 22 0 0
 0:4 :  0:2 4 74 3 64
 0:2 : 0:0 0 0 1 22
0:0 : 0:2 2 33 3 63
0:2 : 0:4 5 94 2 43
0:4 : 0:6 2 33 7 146
0:6 : 0:8 3 54 5 105
0:8 : 1:0 6 157 7 208

+

 
130.26 GeV (2.7 pb
 1
) 136.23 GeV (2.5 pb
 1
)
cos  N

d=d cos  (pb) N

d=d cos  (pb)
 1:0 :  0:8 0 0 0 0
 0:8 :  0:6 0 0 0 0
 0:6 :  0:4 0 0 0 0
 0:4 :  0:2 0 0 0 0
 0:2 : 0:0 0 0 0 0
0:0 : 0:2 1 33 1 33
0:2 : 0:4 2 64 2 64
0:4 : 0:6 3 95 5 167
0:6 : 0:8 1 33 2 75
0:8 : 1:0 2 118 0 0
Table 2: Numbers of selected events and dierential cross-sections.
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Model " (TeV
 2
)  (TeV) 
 
(TeV) 
+
(TeV)
e
+
e
 
! e
+
e
 
V V 0:001
+0:031
 0:031
4.4 3.6 3.5
AA 0:057
+0:051
 0:056
3.4 2.6 2.7
LL 0:250
+0:198
 0:175
1.8 2.0 1.3
RR 0:243
+0:201
 0:173
1.8 2.0 1.3
LR  0:052
+0:100
 0:085
2.6 2.2 1.6
e
+
e
 
! 
+

 
V V 0:110
+0:053
 0:053
3.4 4.1 2.2
AA 0:160
+0:070
 0:077
2.9 3.5 1.9
LL 0:258
+0:117
 0:119
2.3 2.7 1.5
RR 0:282
+0:124
 0:128
2.2 2.5 1.4
LR 0:200
+0:156
 0:216
1.9 1.2 1.5
e
+
e
 
! 
+

 
V V  0:084
+0:073
 0:073
2.9 2.2 3.2
AA 0:010
+0:077
 0:077
2.8 2.6 2.5
LL  0:114
+0:174
 0:199
1.8 1.2 2.0
RR  0:132
+0:200
 0:264
1.7 1.0 1.9
LR  0:147
+0:184
 0:184
1.8 1.5 1.9
e
+
e
 
! `
+
`
 
V V 0:020
+0:026
 0:026
4.9 4.6 3.7
AA 0:069
+0:037
 0:038
4.0 4.6 2.8
LL 0:147
+0:084
 0:084
2.7 3.0 1.8
RR 0:160
+0:090
 0:090
2.6 2.9 1.8
LR  0:055
+0:092
 0:084
2.7 2.2 2.2
e
+
e
 
! qq
V V 0:025
+0:072
 0:072
2.8 3.1 2.7
AA  0:067
+0:079
 0:073
2.6 2.4 3.4
LL  0:134
+0:158
 0:144
1.9 1.7 2.4
RR 0:050
+0:143
 0:145
1.9 2.2 1.9
LR 0:009
+0:143
 0:143
2.0 2.0 2.0
RL 0:178
+0:149
 0:169
1.8 2.5 1.6
All combined
V V 0:020
+0:025
 0:024
5.0 4.9 3.8
AA 0:038
+0:029
 0:031
4.5 4.5 3.4
LL 0:066
+0:060
 0:065
3.1 2.9 2.4
RR 0:129
+0:072
 0:077
2.9 3.1 2.0
LR  0:038
+0:081
 0:073
2.8 2.4 2.5
RL 0:009
+0:080
 0:068
2.9 2.7 2.2
Table 3: Results of the contact interaction ts.
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-0.25 0 0.25
-0.25 0 0.25
all
qq
−
l+l−
τ+τ−
µ+µ−
e
+
e
−
a) VV
ε  (TeV −2)
-0.25 0 0.25
-0.25 0 0.25
all
qq
−
l+l−
τ+τ−
µ+µ−
e
+
e
−
b) AA
ε  (TeV −2)
-0.8 0 0.8
-0.8 0 0.8
all
qq
−
l+l−
τ+τ−
µ+µ−
e
+
e
−
c) LL
ε  (TeV −2)
-0.8 0 0.8
-0.8 0 0.8
all
qq
−
l+l−
τ+τ−
µ+µ−
e
+
e
−
d) RR
ε  (TeV −2)
-0.6 0 0.6
-0.6 0 0.6
all
qq
−
l+l−
τ+τ−
µ+µ−
e
+
e
−
e) LR
ε  (TeV −2)
-0.6 0 0.6
-0.6 0 0.6
all
qq
−
l+l−
τ+τ−
µ+µ−
e
+
e
−
f) RL
ε  (TeV −2)
OPAL
Figure 1: Values of " (TeV
 2
) shown with one standard deviation errors for the six contact
interaction models. The results for the leptonic channels are identical for the LR and RL.
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Figure 2: Dierential cross-sections normalised to the expectations of the Standard Model for
the e
+
e
 
(a), 
+

 
(b), 
+

 
(c) and qq (d) channels. The points with error bars are the
present measurements and the curves indicate maximum deviations allowed at 95 % condence
level for the V V and AA models.
15
